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INTRODUCTION 

I1 e it )n of d u s t  has  long been recognized a s  a h e a l t h  hazard -Jading t o  pu 
monary d i s e a s e s .  I n  t h e  16th cen tu ry ,  Agricola ,  the f a t h e r  of mining, d i scussed  
d u s t  i n h a l a t i o n  du r ing  mining and c a l l e d  i t  a "widow maker." I n  the  19th century 
the "black lungs" o f  autopsied c o a l  miners were recorded.  The 11th E d i t i o n  o f  
Encyclopedia Br i t ann ica .  some 60 yea r s  ago, descr ibed f i b r o i d  changes and included 
a graphic  photomicrograph o f  a c ros s  s e c t i o n  of a c o a l  mine r ' s  lung.  

n e  Federal  Coal Mine Health and Sa fe ty  Act of 1969 (PL 91-178, December 30, 
1969) e s t ab l i shed  h e a l t h  s t anda rds  i n  underground c o a l  mines f o r  t he  f i r s t  t ime i n  
the  United S t a t e s .  The Act s p e c i f i c a l l y  s t a t e d  t h a t  t he  working cond i t ions  i n  each 
underground c o a l  mine should be s u f f i c i e n t l y  f r e e  of r e s p i r a b l e  d u s t  t o  allow each 
miner t o  work underground without  i ncu r r ing  any d i s a b i l i t y  from c o a l  workers '  
pneumoconiosis (CUP) o r  o the r  occupat ion-related d i s e a s e  du r ing  h i s  working l i f e .  
Based l a r g e l y  upon B r i t i s h  s t u d i e s ,  the Act spec i f i ed  t h a t  the maximum al lowable 
concen t r a t ion  of a i rbo rne  r e s p i r a b l e  d u s t  p a r t i c l e s  (nominally l e s s  than 5.1 Um i n  
diameter)  i n  bituminous c o a l  mines should be 3 mg/m3 by June 30,  1971 and 2 mg/m3 
by December 30,  1972. The maximum permit ted d u s t  l e v e l  i s  decreased i f  t h e  s i l i c a  
con ten t  of the d u s t  is g r e a t e r  than 5 weight percent  so t h a t  the Threshold L i m i t  
Value (TLV) o f  100 pg/m 

CWF' i s  the  most severe h e a l t h  and s a f e t y  problem fac ing  the  c o a l  mining 

of s i l i c a  fo r  an e i g h t  hour exposure w i l l  not  be exceeded. 

i ndus t ry  today. 

1. The number of permanent d i s a b i l i t i e s  and dea ths  of  coa l  miners due t o  CUP 
i s  3.5 t imes the d i s a b i l i t i e s  and dea ths  due t o  a l l  o t h e r  mine acc iden t s  
(1964-1970 Pennsylvania d a t a ) .  (1) 

2 .  About 30 percent  of the p re sen t  working miners have CWP (1972). 

3 .  About 165,000 claims for  CWP have been approved and some 100,000 
a d d i t i o n a l  claims a r e  c u r r e n t l y  under review. 

The c o s t  t o  Government and industry for  CWP compensation h a s  been est imated t o  be 
$1 b i l l i o n  per y e a r .  

i n  o rde r  t o  meet t h e  energy requirements of the na t ion .  
dev i se  methods f o r  mining c o a l  a t  a r ap id  and economical r a t e  while  maintaining a 
h e a l t h f u l  mining environment i s  apparent .  

However, i t  has  been est imated t h a t  c o a l  product ion must double by t h e  year  2000 
The n e c e s s i t y  f o r  s o c i e t y  t o  

The 1969 Act d i r e c t e d  t h a t  t he  Departments of the I n t e r i o r  and Hea l th ,  Educa- 
t i o n  and Welfare s h a l l  "develop new o r  improved means and methods of reducing the 
concen t r a t ions  of r e s p i r a b l e  d u s t  i n  the  mine atmospheres o f  a c t i v e  workings o f  the 
c o a l  mines." 
implementing a r e sea rch  and development (R&D) program t o  provide the  advanced tech- 
nology f o r  reducing the  amount of r e s p i r a b l e  d u s t  i n  coa l  mines.  

"he Bureau of Mines was assigned the r e s p o n s i b i l i t y  fo r  planning and 

This advanced 
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technology would a s s i s t  t h e  mine ope ra to r  t o  meet the s t r i n g e n t  d u s t  l i m i t s  imposed 
by t h e  Act .  

The present  problem of d u s t  c o n t r o l  du r ing  c o a l  mining ope ra t ions  is cons ide rab ly  
d i f f e r e n t  from t h e  problems normally encountered du r ing  i n d u s t r i a l  ope ra t ions .  For 
example, c o a l  is o f t e n  mined underground using continuous (mechanical) mining methods ,* 
where c o a l  is removed by c u t t i n g  b i t s  on  a r o t a t i n g  wheel o r  cha in .  Dust i s  formed 
by t h e  c u t t i n g  a c t i o n  of t h e  b i t s ,  and a l s o  a t  nearby loca t ions  by secondary handl ing 
o p e r a t i o n s .  W a t e r  sprays a r e  used t o  suppress  t h e  d u s t  being formed by the c u t t i n g  
a c t i o n .  Also,  a i r  i s  passed over  the machine t o  t h e  f ace  and then back behind a 
b r a t t i c e  c l o t h  (usua l ly )  t o  "push" the d u s t  away from nearby personnel .  
c o n t r o l  d u r i n g  a c t u a l  c o a l  mining operat ions i s  no t  so c l e a r - c u t .  
t y p i c a l  i n d u s t r i a l  o p e r a t i o n  would be t o  dev i se  ways t o  c o n t r o l  a hazardous impurity 
i n  a chemical processing p l a n t  where: 

However, d u s t  
An analogy t o  a 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8. 

9 .  

t h e  sources  of the impurity (dust)  a r e  imperfect ly  known; 

laboratory and p i l o t  p l a n t  information is of l imited use fu lness  (it is almost 
impossible t o  s imula t e  t h e  underground mining s i t u a t i o n  i n  the  l abora to ry )  ; 

t h e  amounts o f  t he  impuri ty  a r e  v a r i a b l e  ( cu t t i ng  b i t s  become broken, 
c u t t i n g  r a t e  v a r i e s  with machine o p e r a t o r ) ;  

t h e  f l o w s  i n  the  p l a n t  a r e  i l l - d e f i n e d  and h igh ly  v a r i a b l e ,  e . g . ,  a pipe 
(spray nozz le )  p lugs ,  t h e  f l o w  through a main pipe changes i n t e r m i t t e n t l y  
and i r r e g u l a r l y  ( the d i s t a n c e  of the b r a t t i c e  c l o t h  t o  t h e  f a c e  changes) ;  

t h e  chemical p rocess  v a r i e s  (va r i e ty  of c o a l  seams, v a r i a t i o n  of coal  
s t r u c t u r e  i n  a seam and i n  a given mine, v a r i e t y  o f  mining machines);  

imperfect  ope ra t ing  equipment (numerous equipment malfunctions i n  the  rugged 
mine environment);  

inadequate sampling equipment (long-duration d u s t  samplers t o  determine 
t r a n s i e n t  d u s t  concen t r a t ions )  ; 

e r r a t i c  sampling equipment ( d i f f i c u l t  t o  s c i e n t i f i c a l l y  sample a i rbo rne  
d u s t )  ; 

h o s t i l e  environment (a 30-inch-high seam, roof f a l l s  down). 

The Bureau's program h a s  been divided i n t o  fou r  gene ra l  c a t e g o r i e s :  d u s t  c o n t r o l ,  
pe r sona l  p ro tec t ion ,  i n s t rumen ta t ion ,  nnd r h e m i c e l  xz?j .c . : ; .  ~ ; ~ p e r r : : t ~ ~ . ~ ~  sum- 
marized a s  follows: 

FY 70 FY 7 1  FY 72 FY 73 (estimated) 
($1.000) 

Dust con t ro l  1,168 2,176 1,639 1,523 
Pe r sona l  p r o t e c t i o n  32 90 106 - 
Instrumentat ion 270 44 7 253 379 
Chemic a 1 a n a l y s i s  168 - 227 - 347 - 135 - 

1,638 2,940 2,345 2,037 (estimated) 

*About 50  percent  of the c o a l  mined underground i n  the United S t a t e s  i s  obtained by 
cont inuous (mechanical) mining, 47 percent  by convent ional  (b l a s t ing )  mining, and 
3 percent  by longwall  (mechanical) mining. 
t h e  f i r s t  mining technique.  

This paper is l imi t ed  t o  d u s t  c o n t r o l  by 
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The program involves inhouse work a t  two Bureau research  f a c i l i t i e s ,  Twin C i t i e s  
Mining Research Center and P i t t sbu rgh  Mining and Sa fe ty  Research Cen te r ,  and a l s o  a n  
assortment of c o n t r a c t s  and g ran t s  wi th  ou t s ide  o rgan iza t ions .  

This paper b r i e f l y  desc r ibes  the major i tems i n  the  Bureau program and t h e i r  
s t a  tus  . 

DUST CONTROL 

Continuous mining machines were designed t o  mine c o a l  a t  a f a s t  r a t e .  They a r e  
However, by us ing  b l u n t  high-speed b i t s ,  they prob- very  e f f i c i e n t  mining machines. 

ab ly  a r e  the b e s t  machines f o r  forming dus t  t h a t  could be invented, except f o r  a 
grind ing s tone  . 

Bureau research  has  shown t h a t  continuous mining forms approximately 5,000 grams 
of r e s p i r a b l e  dus t  a t  t h e  face  per  ton of mined c o a l .  
becomes a i rborne  a t  the  face ;  the remainder remains adhering to  the run-of-face broken 
c o a l .  

About 2 grams of t h i s  dus t  

An explora tory  s t a t i s t i c a l  study ind ica ted  tha t  the  same mining occupations i n  
d i f f e r e n t  seams o f t en  had s i g n i f i c a n t l y  d i f f e r e n t  d u s t  exposures.  For example, the 
continuous miner ope ra to r  i n  the  P i t t sburgh  and Pocahontas seams i s  exposed to  m o r e  
dus t  than the same man i n  the Ki t tanning  seam, bu t  c u r i o u s l y ,  the  Ki t tanning  seam 
g ives  more dus t  along a haulage road than the  o ther  seams. Such informat ion  suggests 
bas i c  d i f f e r e n c e s  i n  the  dust-forming c h a r a c t e r i s t i c s  of d i f f e r e n t  coa l  seams, but 
t h e  explana t ion  fo r  these  d i f f e rences  i s  not p re sen t ly  known. 

Dust c o n t r o l  techniques a t  the  face inc lude :  

ava i l ab le  technology 
machine c u t t i n g  parameters 
supplementary v e n t i l a t i o n ;  d u s t  c o l l e c t o r  
water sprays  
wet t ing  agents  
pick f lu sh ing  
foam 
infus ion  

These i tems a r e  descr ibed  and a r e  followed by a concluding sec t ion  d i scuss ing  sec- 
ondary d u s t :  

Available Technology. Considerable technology i s  a l r eady  a v a i l a b l e ,  bu t  i t  i s  o f t en  
n o t  e f f e c t i v e l y  used because of  inconvenience o r  expense.  For example, while water 
sprays provide a va luable  d u s t  c o n t r o l  technique, t h e i r  p r a c t i c a l  usefu lness  under- 
ground i s  l imi ted  because they f requent ly  c log  i n  the rugged mine environment. Clean- 
i n g  or  replacement of a clogged nozzle is expensive t o  the mine ope ra to r  i n  terms of  
time and cost ,  The development of a non-clogging spray  nozzle system would reduce 
ope ra to r  expense and inconvenience and the re fo re  would inc rease  the  a c t u a l  e f f e c t i v e -  
nes s  of water sprays  a s  a d u s t  suppression technique. A c o n t r a c t  t o  develop a non- 
clogging nozzle i s  expected t o  be awarded i n  l a t e  FY 73. 

Machine Cut t ing  Parameters.  
e f f e c t  of machine parameters on the formation of  a i rbo rne  dus t  and concluded tha t  
sharp ,  slow-moving, deep-cut t ing  b i t s  produce l e s s  d u s t .  The problem now i s  to  ob- 
t a i n  q u a n t i t a t i v e  information on the  amount of  a i rbo rne  dus t  ve r sus  machine parameters 
w i th  American c o a l  and mining methods, along with c o s t  and o the r  engineer ing  i n f o m -  
t i o n .  Improvement i n  c u t t i n g  parameters i s  es t imated  t o  o f f e r  a 50-percent decrease  
i n  a i rbo rne  d u s t .  

The B r i t i s h  conducted p ioneer ing  work examining the  
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A f u l l - s c a l e  machine which permits vary ing  of t he  machine parameters (rpm, sump 
and shear r a t e ,  b i t  geometry and a r r a y )  is being cons t ruc ted  by Ingersoll-Rand under 
Bureau con t r ac t .  
v a r i a b l e s  and w i l l  be used i n  f u l l - s c a l e  underground t e s t s  t o  ob ta in  the des i r ed  in fo r -  
mation on the  e f f ec t  of t he  machine parameters ve r sus  d u s t  formation. Also, a re- 
search mining machine having a s i n g l e  f u l l - s c a l e  c u t t i n g  wheel was designed and con- 
s t r u c t e d .  This r e sea rch  machine permits the  machine parameters t o  be var ied  over a 
wider range than the f u l l - s c a l e  machine and w i l l  be used a s  a " p i l o t  p l an t "  t o  
f u r t h e r  i n v e s t i g a t e  the  e f f e c t  of c u t t i n g  parameters on t h e  formation of r e sp i r ab le  
d u s t .  F i n a l l y ,  s e v e r a l  l abo ra to ry  programs a r e  i n v e s t i g a t i n g  dus t  formation dur ing  
c u t t i n g  i n  order t o  b e t t e r  understand the fragmentation process .  Such s t u d i e s  hope- 
f u l l y  w i l l  lead t o  new b i t  des igns  and the s e l e c t i o n  of  machine parameters t h a t  reduce 
d u s t  production. 

Supplementary Ven t i l a t ion .  A i r  flow a t  a mining face  i s  normally con t ro l l ed  by l i n e  
b r a t t i c e  o r  by e x t e n s i b l e  tub ing ,  occas iona l ly  i n  conjunct ion  wi th  an  a u x i l i a r y  fan.  
However, supplementary v e n t i l a t i o n  techniques t h a t  involve machine-mounted fans  to  
draw o r  exhaust t h e  d u s t y  a i r  from the  v i c i n i t y  of the face  appear very  a t t r a c t i v e  f o r  
dus t  c o n t r o l  because they reduce the  r e c i r c u l a t i o n  of face  dus t  back t o  nearby per- 
sonnel  and can  i n  p r i n c i p l e  b e  app l i ed  to  va r ious  k inds  of  continuous mining machines 
and loca l  mining s i t u a t i o n s .  A disadvantage of t h i s  l o c a l  exhaust approach i s  t h a t  
the  dus ty  a i r  must e i t h e r  be discharged i n t o  the r e t u r n  v i a  a duc t  or  be passed 
through a machine-mounted d u s t  c o l l e c t o r  wi th  the  p a r t l y  cleaned e f f l u e n t  a i r  being 
discharged a t  the mining machine. 

The machine w i l l  b e  au tomat ica l ly  con t ro l l ed  to  avoid opera tor  

A c u r r e n t  program i s  examining the  exhaust approach with an  auger-type mining 
machine i n  low c o a l .  A machine-mounted d u s t  c o l l e c t o r  is used ,  b u t  the e f f l u e n t  a i r  
is ducted i n t o  t h e  r e t u r n .  I n i t i a l  
r e s u l t s  a r e  encouraging, b u t  a d d i t i o n a l  t e s t i n g  is r equ i r ed .  

The u n i t  i s  p re sen t ly  be ing  t e s t e d  underground. 

A severe  problem i n  c o a l  mines, e s p e c i a l l y  i n  low c o a l ,  i s  the  space l i m i t a t i o n .  
For example, the a v a i l a b l e  high-cfm fans  were too l a rge  t o  i n s t a l l  on the  low-coal 
auger machine and two small-cfm fans  had t o  be used i n  p a r a l l e l .  This was undes i rab le  
from an engineer ing  viewpoint bu t  was the only a l t e r n a t i v e  a t  the t ime. It has  s ince  
been es tab l i shed  t h a t  technology i s  indeed a v a i l a b l e  t o  f a b r i c a t e  a high-cfm, small- 
diameter fan s u i t a b l e  f o r  ope ra t ion  i n  low c o a l ,  and a prototype u n i t  i s  being con- 
s t ruc t ed  inhouse. The a v a i l a b i l i t y  of such a f an  would expedi te  the use of  supple- 
mental v e n t i l a t i o n  techniques i n  low coa l  and o t h e r  a reas  where space l i m i t a t i o n s  a r e  
c r i t i c a l  

Passing the exhaust dus ty  a i r  through a machine-mounted d u s t  c o l l e c t o r  has  mush- 
LIVL..--Y 

of avoiding duc t ing  from the machine t o  the r e t u r n .  However, the d u s t  c o l l e c t o r  must 
be very e f f i c i e n t  because any e f f l u e n t  dus t  may bathe the machine ope ra to r  and nearby 
personnel and could even inc rease  t h e i r  dus t  exposure. 
t e s t ed  i n  1970, comprising a l a rge  assor tment ,  were a l l  found unsa t i s f ac to ry  because 
of a low c o l l e c t i o n  e f f i c i e n c y  f o r  r e s p i r a b l e  s i z e  d u s t  o r  because of bulk or  s a f e t y  
problems. 
l e c t i o n  e f f i c i e n c i e s  of new f u l l - s c a l e  c o l l e c t o r s  a s  they become a v a i l a b l e .  For 
example, t he  c o l l e c t i o n  e f f i c i e n c y  of a t y p i c a l  scrubber designed for  mounting on 
the boom of a continuous miner ranged from 80 percent  fo r  1 micron dus t  t o  99 percent 
f o r  5 micron d u s t .  While s u r p r i s i n g l y  h igh ,  these  e f f i c i e n c i e s  a r e  s t i l l  toolow to  
scrub an t i c ipa t ed  incoming d u s t  l e v e l s  to a 2 mg/m3 l e v e l .  

--?.",-> ,.. ,_-:..__ _I -.-- 
y V y U A = L A L J  UUL& i3e  ~ & . a i  yedr. This approach has che d isc incr :  advantage 

Avai lab le  d u s t  c o l l e c t o r s  

The Bureau has  f ab r i ca t ed  an  above-ground f a c i l i t y  t o  eva lua te  the c o l -  

A v e n t u r i  we t - co l l ec t ion  approach appears t o  be  the most a t t r a c t i v e  mechanical 
A Bureau-designed research-type approach f o r  achieving h igh  c o l l e c t i o n  e f f i c i e n c y .  

v e n t u r i  c o l l e c t o r  w i l l  be used t o  inves t iga t e  c o l l e c t i o n  e f f i c i e n c y  ve r sus  parer  
i npu t ,  water  f lowra te ,  and o the r  engineer ing  parameters.  Resul t s  w i l l  provide 

I 
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guidance f o r  the des ign  of d u s t  c o l l e c t o r s  f o r  s p e c i f i c  s i t u a t i o n s  and can a s s i s t  a 
mine ope ra to r  t o  determine whether a mechanical c o l l e c t o r  w i l l  b r ing  him i n t o  com- 
p l i a n c e .  I n  the in t e r im ,  the Bureau is f a b r i c a t i n g  a new, s imple r ,  low-cost,  v e n t u r i  
c o l l e c t o r  t h a t  is e s p e c i a l l y  designed f o r  use i n  c o a l  mines.  

An a l t e r n a t i v e  and new approach f o r  a r e s p i r a b l e  d u s t  c o l l e c t o r  i s  to  use 
p l a s t i c  su r faces  such a s  polystyrene and polyethylene.  Such m a t e r i a l s  u sua l ly  have 
" is lands" of e l e c t r i c a l  charge t h a t  r a p i d l y  c o l l e c t  a i rbo rne  c o a l  d u s t  i f  t he  d u s t  
has  an e l e c t r i c a l  charge.  
mine d u s t  o f t e n  has  an e l e c t r i c a l  charge and t h a t  an  apprec i ab le  c o l l e c t i o n  can be 
obtained merely by passing the dus ty  a i r  through a p l a s t i c  tube.  I n  p r i n c i p l e ,  such 
c o l l e c t i o n  should be e s p e c i a l l y  e f f e c t i v e  f o r  smaller  p a r t i c l e s  because of t h e i r  
higher  mob i l i t y .  I n  view of the d i f f i c u l t y  of c o l l e c t i n g  very small p a r t i c l e s ,  the 
f e a s i b i l i t y  of a p l a s t i c - type  d u s t  c o l l e c t o r  fo r  c o a l  mine use is being explored.  

Exploratory inhouse underground t e s t s  have shown t h a t  

I n  gene ra l ,  t he  a i r  flow p a t t e r n  i n  the v i c i n i t y  of the mining machine and a t  
t he  face is c r u c i a l l y  important  i n  a f f e c t i n g  the t r anspor t  of face d u s t  back t o  the 
machine ope ra to r  and nearby personnel  i n  exhaust  v e n t i l a t i o n .  However, l o c a l  f l a t  
p a t t e r n s  a r e  l a r g e l y  unknown. Since t h e  machines usua l ly  occupy a l a r g e  f r s c t i o n  of 
the cross s e c t i o n  of an  e n t r y ,  t h e i r  presence would be expected t o  s i g n i f i c a n t l y  
in f luence  flow p a t t e r n s .  Recent inhouse work confirmed t h i s  expec ta t ion  and a l s o  
found t h a t  the motion o f  t he  c u t t i n g  wheels i n f luences  the  l o c a l  flow p t t e r n .  

A l / l 0 - sca l e  laboratory model of a low-coal e n t r y  including the  auger-type 
mining machine is being used i n  an  inhouse s tudy of l o c a l  flow p a t t e r n s  and the  e f f e c t  
of these p a t t e r n s  on t h e  t r a n s p o r t  of r e s p i r a b l e  d u s t .  This work supports  t h e  low- 
c o a l  f i e l d  c o n t r a c t .  Resu l t s  to da t e  i n d i c a t e  tha t  drawing about h a l f  of the incoming 
v e n t i l a t i n g  a i r  through the  machine l eads  t o  a d r a s t i c  r educ t ion  of t h e  dus t  l eve l s  
a t  t y p i c a l  personnel  l oca t ions .  Modeling appears  ve ry  a t t r a c t i v e  a s  a n  inexpensive 
technique fo r  screening proposed a u x i l i a r y  v e n t i l a t i o n  techniques be fo re  underground 
t e s t i n g  is i n i t i a t e d .  Underground measurements a r e  c u r r e n t l y  being made t o  v e r i f y  
t h e  modeling concept .  

Water Sprays.  One of the main d u s t  c o n t r o l  techniques p re sen t ly  i n  use  is water  
sp rays .  Sprays a r e  reported t o  reduce the r e s p i r a b l e  d u s t  l e v e l  20  t o  60 pe rcen t ,  
al though 30 percent  is a t y p i c a l  number. The type and placement of spray nozzles  
is c u r r e n t l y  se l ec t ed  i n  an a r b i t r a r y  manner because gu ide l ines  a r e  n o t  a v a i l a b l e ;  
a t y p i c a l  approach seems t o  be t o  merely add more nozzles  i n  the  hope of reducing 
more d u s t .  Techniques seemingly could be devised which would make a more e f f e c t i v e  
use of the sprays,  e g . ,  e l t h e r  g r e a t e r  dus t  suppression with the e x i s t i n g  water flow 
or  s u f f i c i e n t  suppression with a smaller  water flow r a t e .  

B r i t i s h  l abora to ry  s t u d i e s  indicated t h a t  t he  cap tu re  of a i rbo rne  r e sp i r ab le -  
s i z e  p a r t i c l e s  with water  drops i s  dependent upon t h e  s i z e ,  concen t r a t ion ,  and 
v e l o c i t y  of the drops,  although optimum spray parameters t o  be used t o  achieve maxi- 
mum d u s t  suppression f o r  underground spray systems were not  determined. 

A Bureau program t o  determine these optimum parameters fo r  a spray system was 
undertaken. A t h e o r e t i c a l  model fo r  t h e  cap tu re  of a i rbo rne  d u s t  was developed and 
v e r i f i e d  i n  the l abora to ry .  Capture e f f i c i e n c i e s  of up t o  75 percent  were obtained.  
The theory can be used t o  s e l e c t  an optimum spray nozzle  which gives  the maximum 
c o l l e c t i o n  e f f i c i e n c y  of a i rbo rne  d u s t  a t  a s p e c i f i c  spray-nozzle loca t ion  i n  a mine 
f o r  the water f lowra te ,  l i n e  pressure,  and geometry a t  t h a t  l oca t ion .  I n  p r a c t i c e ,  
of course,  the water sp ray  drops can a l s o  impact and moisten the su r face  of c o a l  and 
thereby suppress the formation o f  a i rbo rne  d u s t  by i n t e r f e r i n g  with t h e  dust-forming 
c u t t i n g  process o r  by enhancing the adhesion of newly-formed p a r t i c l e s .  The develop- 
ment of a t h e o r e t i c a l  impaction model i s  being s tudied inhouse.  Combination of the 
impaction and a i rbo rne  models w i l l  then be at tempted.  

I 
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I n  the  in te r im,  the  usefu lness  of the  above a i rbo rne  theory  f o r  improved d u s t  
suppression a t  the f r o n t  end of  a continuous mining machine was t e s t ed  underground. 
I n  one t e s t  s e r i e s ,  dus t  suppress ion  was about equa l  wi th  a l l  spray  nozz les ,  a l though 
the  "good" sprays used about one- th i rd  l e s s  water t han  o the r  sprays .  I n  another  l e s s  
ex tens ive  s e r i e s ,  t he  good sprays  a l s o  gave one-third l e s s  d u s t .  '&e use of one- 
t h i r d  l e s s  water i s  a major accomplishment because many mines a l r eady  have excessive 
mois ture .  Additional underground t e s t i n g  is requi red  t o  ob ta in  d e f i n i t i v e  d a t e  r e -  
gard ing  d u s t  suppression. 

Another Bureau program ind ica t ed  t h a t  steam and water spray  were about equs l  i n  
e f f e c t i v e n e s s  fo r  suppress ing  the  formation of  a i rbo rne  d u s t  o r  for  c o l l e c t i n g  a i r -  
borne d u s t .  The use  of  steam underground would involve d i f f i c u l t  l o g i s t i c s  and i s  
no t  recommended. 

Wetting Agents. The use fu lness  of wet t ing  agents  f o r  increas ing  the e f f ec t iveness  of 
water sprays  as a d u s t  c o n t r o l  technique i s  c o n t r o v e r s i a l .  Some workers s t a t e  t h a t  
they  a r e  wor th less ,  o t h e r s  s t a t e  they  a r e  h e l p f u l ,  and the re  is l i t t l e  published da ta  
t o  support  e i t h e r  s t a t emen t .  C l a r i f i c a t i o n  i s  warranted i n  view of t he  expense and 
inconvenience assoc ia ted  wi th  us ing  such agen t s .  The Bureau had a con t r ac to r  measure 
the  wet t ing  behavior o f  16 wet t ing  agen t s  on coa l  from s i x  d i f f e r e n t  seams. A l l  
agen t s  e s s e n t i a l l y  wetted a l l  the c o a l s .  A t  p r e sen t ,  another  con t r ac to r  i s  measuring 
the drop s i z e  and v e l o c i t y  of the  sprays  from seve ra l  nozz les  with seve ra l  wet t ing  
agen t s .  Underground tests w i l l  be conducted to  e s t a b l i s h  the  usefu lness  of wet t ing  
agents  a s  a dust  suppress ion  technique .  

B i t  F lush ing .  B r i t i s h  s t u d i e s  ind ica ted  t h a t  a 75 pe rcen t  reduct ion  i n  d u s t  i s  
obta inable  by d i r e c t l y  f l u s h i n g  the  c u t t i n g  b i t s  wi th  water .  However, i n t e r n a l  plug- 
g ing  of the o r i f i c e s  and s e a l  leakage have prevented t h i s  technique from being widely 
used i n  the United S t a t e s .  Although approximately 40 such "wet-head'' machines a r e  
underground, only two a r e  r epor t ed  t o  be us ing  the wet-head mode. A con t r ac to r  has  
designed an improved s e a l  w i th  one type of  wet-head r i p p e r  machine and i s  p resen t ly  
conducting underground t e s t s .  

Foam. 
expansion foam t o  "b lanket"  the  c u t t i n g  s i t e  and thus  phys ice l ly  prevent any dus t  
from becoming a i rbo rne .  Seve ra l  s t u d i e s  t o  e s t a b l i s h  the mer i t  of foam have been 
attempted over the p a s t  10 y e a r s ,  bu t  r e s u l t s  were inconclus ive  because of i n s u f f i -  
c i e n t  underground t e s t i n g .  The Bureau therefore  i n i t i a t e d  a new, more d e t a i l e d  
e f f o r t  i n  order  t o  ob ta in  d e f i n i t i v e  r e s u l t s  on the  usefu lness  o f  foam. Br ie f  under- 
ground t e s t s  i n  FY 72 e s t a b l i s h e d  t h a t  t he  foam broke r a p i d l y ,  t ha t  t he re  were no 
s l i p  hazards ,  and t h a t  the foam was w e l l  received by mine personnel.  However, the  
underground t e s t i n g  regard ing  dus t  suppress ion  was inconclus ive ,  and the  program i s  
be ing  continued t o  nhteifi suff ic icc:  2e:e i n  tide‘ LU be s c a c i s t i c a l l y  s i g n i f i c a n t .  

In fus ion .  
d u r i n g  subsequent mining. 
poss ib l e  a s  a dust  c o n t r o l  technique ,  bu t  implementation seemingly i s  l e f t  t o  the  
d i s c r e t i o n  of ind iv idua l  mines.  About 15 percent of the c o l l i e r i e s  i n  England a r e  
us ing  in fus ion  to  c o n t r o l  d u s t  bu t  a r e  having problems due t o  t h e  la, permeabi l i ty  
of  English coa l  beds.  

The use  of foam for  d u s t  suppress ion  i s  based on t h e  concept of us ing  a high- - 

Water in fus ion  h a s  been use fu l  i n  Europe f o r  reducing dus t  formation 
German mining r egu la t ions  r equ i r e  w a t e r  i n fus ion  wherever 

In fus ion  has received only  l imi ted  a t t e n t i o n  in  the United S t a t e s  owing t o  
engineering-type equipment problems. The Bureau i n i t i a t e d  an infus ion  program with 
the  dua l  ob jec t ives  of c o n t r o l l i n g  methane and reducing t h e  formation of  the d u s t .  
To d a t e ,  s i g n i f i c a n t  methane c o n t r o l  has  been achieved and d u s t  seemingly i s  reduced 
by about 50 percent .  
o b t a i n  d e f i n i t i v e  r e s u l t s .  

However, cons iderable  a d d i t i o n a l  f i e l d  work is requi red  t o  
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Secondary Dust Generat ion.  P o i n t s  of secondary dus t  gene ta t ion  inc lude  the  ga the r ing  
arms on the continuous mining machine o r  loader ,  dumping o f  m a t e r i a l  i n t o  the s h u t t l e  
c a r ,  ope ra t ion  of the s h u t t l e  c a r  along the roadway, b e l t  ope ra t ion ,  b e l t  t r a n s f e r  
p o i n t s ,  e t c .  

Inhouse Bureau work has  shown t h a t  enough r e sp i r ab le - s i ze  c o a l  d u s t  adheres  t o  
20 pounds of o rd ina ry  run-of-face broken c o a l  t o  contaminate approximetely 1 m i l l i o n  
cu f t  of a i r  up to  the  2 mg/m3 l e v e l  i f  i t  should become a i r b o r n e .  
danger o f  secondary hau l ing  a s  a d u s t  source is obvious.  The magnitude o f  t he  fo rces  
involved i n  phys i ca l  adhesion of c o a l  p a r t i c l e s  t o  massive s u b s t r a t e s  was measured 
and found t o  approximately agree wi th  expected adhesion f o r c e s .  

The p o t e n t i a l  

l abo ra to ry  work i n d i c a t e s  t h a t  only about 10 percent  of the d u s t  adhering to  
t h e  run-of-face c o a l  is dislodged and becomes a i rbo rne  du r ing  a t y p i c a l  drop opera- 
t i o n .  Dust generat ion can be reduced only somewhat by changing the  b e l t  parameters,  
e .g . ,  the  d u s t  would be reduced by about 30 percent  by dec reas ing  the  d rop  he igh t  o r  
slowing the b e l t  by a f a c t o r  of 2 .  A 70-percent r educ t ion  of d u s t  should be obtain-  
ab le  by passing the  broken c o a l  down an inc l ined  chu te  in s t ead  of a v e r t i c a l  d rop  o r  
by using water  sprays along the  b e l t  somewhat upstream of the  drop p o i n t .  These 
l abora to ry  conclusions have not  y e t  been t e s t e d  i n  s f u l l - s c a l e  ope ra t ion .  

A t  an underground b e l t  t r a n s f e r  po in t ,  water  sprays o r  a low-expansion foam 
in j ec t ed  d i r e c t l y  i n t o  the  f a l l i n g  coa l  reduced the formation o f  a i rbo rne  d u s t  by 
about 50 pe rcen t .  
b e l t  reduced a i rbo rne  d u s t  by 60 pe rcen t ,  while  foam on the  underside of t he  b e l t  
reduced d u s t  by 90 pe rcen t .  

Addit ional  a p p l i c a t i o n  of water  sprays onto the underside of the 

Laboratory r e sea rch  i n d i c a t e s  t h a t  the formation of new d u s t  due t o  secondary 
breakage du r ing  dropping is i n s i g n i f i c a n t  compared t o  the  dis lodgnent  of adhering 
d u s t .  

PERSONAL PROTECTION 

While the  Bureau does n o t  consider  personal  p r o t e c t i v e  devices  such a s  face 
masks a s  a primary approach f o r  reducing the mine r ' s  exposure t o  d u s t ,  such personal  
p ro tec t ion  can be v i sua l i zed  a s  an  in t e r im  measure and a l s o  a s  a " l a s t  a l t e r n a t i v e "  
f o r  c e r t a i n  dus ty  ope ra t ions  i n  case remedial  measures a r e  unsuccessful .  
f i l t e r - t y p e  f ace  mask is undesirable  because of (1) a high-pressure d rop  when c l ean  
and an excessive pressure d rop  during use due t o  plugging, (2) a n  imperfect  match to  
the  f a c i a l  contour ,  (3) poor day-to-day r e f i t  i n  the f i e l d ,  (4) i r r i t a t i o n  due t o  
d u s t  a t  t h e  mask-face junc tu re ,  and (5) i n t e r f e rence  with voice c o m u n i c a t i o n ,  
s p i t t i n g ,  e t c .  

The p resen t  

A personal  device employing the  a i r  c u r t a i n  concept is presen t ly  being developed 
under Bureau c o n t r a c t .  Dusty a i r  from the  environment is f i l t e r e d  and an  a i r  c u r t a i n  
of dus t - f r ee  a i r  i s  passed from the  h a t  brim down Over the mine r ' s  f a c e ,  thereby 
sh ie ld ing  him from the dus ty  environment. Such a u n i t  r e q u i r e s  cons ide rab le  power 
and the re fo re  i s  l imited t o  machine ope ra to r s  bu t  hope fu l ly  w i l l  be o f  i n t e r e s t  t o  
indus t ry  i n  gene ra l .  

INSTRUMENTATION 

Improved d u s t  samplers f o r  monitoring the  eight-hour exposure of miners and a l s o  
f o r  r e sea rch  purposes a r e  r equ i r ed .  
sununarized i n  an I n t e r n a t i o n a l  Labor Organizat ion r e p o r t  (1967), which concludes t h a t  
"No eva lua t ion  o r  comparison o f  d u s t  con ten t  has  any s i g n i f i c a n c e  ... un les s  the type 

of equipment,  the method of sampling, and t h e  na tu re  of t h e  d u s t  a r e  p r e c i s e l y  known." 

The s t a t e -o f - the -a r t  i n  d u s t  sampling is a p t l y  
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The dus t  hazard i n  United S t a t e s  mines c u r r e n t l y  is assessed  g rav ime t r i ca l ly  
wi th  a persona1 scrmpler c o n t i n u a l l y  worn by the  miner dur ing  h i s  working s h i f t .  
sampler uses  a battery-powered pump t o  draw 2 l/min of dus ty  a i r  through a cyc lone ,  
which c o l l e c t s  the nonresp i r ab le  d u s t ,  and then through a membrane f i l t e r ,  which 
c o l l e c t s  t h e  r e s p i r a b l e  f r a c t i o n .  The f i l t e r  is weighed i n  the l abora to ry  t o  d e t e r -  
mine the  t o t a l  mg/m3 o f  d u s t  exposure; 2 mg of weighed d u s t  approximately corresponds 
t o  2 m g h 3  exposure f o r  e i g h t  hour s .  

Although t h i s  system func t ions ,  the weight and s i z e  of  the  personal  sampler is 
burdensome t o  the  miner,  the  sampler is sub jec t  t o  misch ie f ,  the  e n t i r e  approach is 
expensive,  and the  accuracy of the  system has  been ques t ioned .  

The 

Bureau research  has  ind ica t ed  t h a t  about h a l f  of t h e  1 t o  2 pm underground a i r -  
borne p a r t i c l e s  a r e  agglomerated t o  l a rge  nonresp i rab le  a i rborne  p a r t i c l e s .  This 
means, unfor tuna te ly ,  t h a t  a s i z e  c l a s s i f i e r  must be used wi th  any sampler, i . e . ,  t he  
sampler merely cannot c o l l e c t  a l l  the dus t  a n m e  r e s p i r a b l e  f r a c t i o n  measured in 
the labora tory ,  f o r  t h e  r e s p i r a b l e  dus t  concent ra t ion  then would be overestimated. 

Respirable dus t  nominally involves  7.1 Km-diameter or smal le r  p a r t i c l e s  and is 
s p e c i f i c a l l y  def ined  by t h e  Act in terms of  the s i z e  c l a s s i f i e r  of the  B r i t i s h  MRE 
dus t  sampler.  However, medical a u t h o r i t i e s  a r e  s e r i o u s l y  cons ider ing  r e v i s i n g  the  
TLV s tandard  f o r  s i l i c a  t o  emphasize the  smal le r  s i z e  p a r t i c l e s .  Also, some medical 
workers f e e l  t h a t  d u s t  p a r t i c l e s  somewhat l a rge r  than the  r e s p i r a b l e  f r a c t i o n  may 
lead to some r e s p i r a t o r y  d i s e a s e s ,  whi le  o the r s  f e e l  t h a t  the  submicron p a r t i c l e s  a r e  
e s p e c i a l l y  dangerous t o  human h e a l t h .  Furthermore, medical a u t h o r i t i e s  a r e  becoming 
inc reas ing ly  concerned t h a t  sho r t  exposures to  high d u s t  l e v e l s  may be more hazardous 
than t h e  eight-hour time-averaged va lue  of the d u s t  exposure,  which is t he  present  
b a s i s  of  t he  dus t  s t anda rd .  

Research purposes r equ i r e  a sho r t -du ra t ion ,  fas t - response  f i e l d  sampler t o  t e s t  
the e f f ec t iveness  of a d u s t  c o n t r o l  technique and to  a s s i s t  the i d e n t i f i c a t i o n  of 
dus t  sou rces .  The p resen t  midget imptnger u n i t  r e q u i r e s  about 10 minutes to o b t a i n  
s u f f i c i e n t  dus t  f o r  a n a l y s i s  by the Cou l t e r  counter .  This technique is reasonably 
s a t i s f a c t o r y  f o r  s c reen ing ,  comparison-type purposes.  However, a 10-minute sample 
t i m e  is excessive f o r  monitoring many mining opera t ions  owing to  the  s h o r t  du ra t ion  
of t h e  ope ra t ion .  

Light s c a t t e r i n g  is a t t r a c t i v e  because response t i m e  is r ap id  and t h e  e l e c t r i c a l  
ou tput  s i g n a l  can be r e a d i l y  measured and could be telemetered o r  used in c o n t r o l  
c i r c u i t r y .  However, l i g h t  s c a t t e r i n g  is r e l a t e d  t o  the  a rea  of  the p a r t i c l e s  in a 
d u s t  c loud ,  and r e s u l t s  must be converted t o  mass concent ra t ion  (mg/m3). 
l a h v e t e r y  lest, t h i s  cc::-cr;ic:. :e reaeor~'i:y i i p i & u c i i i i e .  U i t ' n  mine d u s t ,  the  
s i z e  d i s t r i b u t i o n  v a r i e s ,  and v a r i a b l e  amounts of  noncoal ma te r i a l s  t ha t  have d i f -  
f e r e n t  d e n s i t i e s  and indexes  of r e f r a c t i o n  a r e  o f t e n  present .  
lead to a v a r i a b l e  (and unknown) conversion f a c t o r .  Despite t he  p o t e n t i a l  unce r t a in ty  
in t he  conversion f a c t o r ,  a prototype u n i t  was f ab r i ca t ed  by a c o n t r a c t o r .  The u n i t  
has a f a s t  response time (5 seconds) and a l r eady  has  been va luable  in underground work 
as a "screening" t o o l .  

With 

Such v a r i a t i o n s  w i l l  

CHEMICAL ANALYSIS 

The 1969 A c t  s p e c i f i e s  a maximum exposure t o  r e s p i r a b l e  coa l  'mine d u s t  of 2 mg/m3 
bu t  a l s o  s t i p u l a t e s  t h a t  t h e  permitted l e v e l  is reduced below the 2 mg/m3 standard to  
the va lue  given by the express ion  lO/(percent qua r t z )  t o  match the TLV of  100 ~ g / m ~  
quar tz  f o r  an  eight-hour exposure.  A l l  the s i l i c a  in a coal-mine d u s t  sample is 
assumed to  be q u a r t z .  
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A t  p r e sen t ,  the Bureau ana lyzes  the  qua r t z  con ten t  i n  mine d u s t  by removing the 
d u s t  from about 10 personal  r e s p i r a b l e  d u s t  samples, canbin ing  the d u s t s ,  ash ing  the 
combined d u s t ,  making a KBr p e l l e t  of t h e  ashed d u s t ,  and measuring the amount of 
s i l i c a  i n  the  p e l l e t  wi th  i n f r a r e d  (IR) techniques .  This approach i s  time consuming 
and expensive and, by combining the  s i l i c a  con ten t  of the  s e v e r a l  samples, does not 
give the  eight-hour exposure of  an ind iv idua l .  

A technique f o r  ana lyz ing  the  s i l i c a  con ten t  of a s i n g l e  f i e l d  f i l t e r  sample 
was r e c e n t l y  developed by the Bureau wherein the  dus t  was removed and redepos i ted  
onto  a new f i l t e r  and then analyzed by I R  and X-ray techniques .  Resu l t s  obtained 
by both  techniques agreed, g iv ing  support  t o  the va lues  obtained by both  techniques .  
However, the  t rue  accuracy of  any of the  mentioned methods i s  exceedingly d i f f i c u l t  
t o  de te rmine .  Also, t he  e f f e c t  of p s r t i c l e  s i z e ,  the occurrence of o the r  S i 0 2  poly- 
morphs. and perhaps su r face  e f f e c t s  must be examined. 

D i rec t  measurement of  the  s i l i c a  i n  the mine d u s t  a s  c o l l e c t e d  on the f i e l d  
f i l t e r  sample would g r e a t l y  expedi te  a n a l y s i s  and i s  being explored by the  Bureau 
and a Contractor using I R  techniques and by another  con t r ac to r  using a new s o f t  
X-ray approach. 

Recent work i n  West Germany i r d i c a t e s  t h a t  s i l i c a  d u s t s  from d i f f e r e n t  c o a l  mines 

Considerable c l a r i f i c a t i o n  of the hazards a s soc ia t ed  with s i l i c a  by medical 
have s i g n i f i c a n t l y  d i f f e r e n t  t o x i c i t i e s  d e s p i t e  s i m i l a r  p a r t i c l e  s i z e s  and concentra- 
t i o n s .  
a u t h o r i t i e s  appears necessary .  

Medical r e sea rche r s  have become inc reas ing ly  concerned t h a t  small q u a n t i t i e s  
of  inorganic  and o ther  m a t e r i a l s  i n  the c o a l  mine dus t  may add t o  the  h e a l t h  hazard .  
The Bureau i n i t i a t e d  seve ra l  programs t o  develop labora tory  a n a l y t i c a l  methods t o  
measure the  concent ra t ions  of a s so r t ed  m a t e r i a l s  i n  a n t i c i p a t i o n  t h a t  s t anda rds  may 
be e s t a b l i s h e d .  I n  a d d i t i o n ,  techniques were developed f o r  measuring the  sur face  
a r e a s  and dens i ty  of d i f f e r e n t  s i z e  f r a c t i o n s  i n  the  r e s p i r a b l e  d u s t ,  i n  a n t i c i p a t i o n  
t h a t  such information would be of medical va lue .  However, medical a u t h o r i t i e s  have 
been h e s i t a n t  t o  promulgate new s tandards  i n  these a r e a s ,  and only one program exam- 
in ing  carc inogenic  organic compounds i n  r e s p i r a b l e  d u s t  has been cont inued .  

CONCLUSION 

The f i n a l  ob jec t ive  of t he  present  Bureau program is t o  provide advanced tech- 
nology t o  c o n t r o l  a i rborne  r e s p i r a b l e  d u s t  i n  c o a l  mines by 1975 and p re fe rab ly  
e a r l i e r .  An assortment of  approaches i s  being explored ,  f o r  i t  i s  un l ike ly  t h a t  a 
s i n g l e  technique w i l l  be e q u a l l y  s u i t a b l e  f o r  the  d ive r se  mining ope ra t ions .  The 
present  r e s p i r a b l e  dus t  problem i s  almost unique i n  indus t ry  because con t ro l l ed  
experiments a r e  d i f f i c u l t  t o  perform, d u s t  samplers a r e  imperfec t ,  and the  environ- 
ment is exceedingly h o s t i l e .  
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